Introduction: The objective of this study was to determine the prevalence of West Nile Virus infection in the southern provinces of Morocco. Methodology: A total of 250 sera, collected during 2012 in the province of Dakhla, were analyzed by microneutralisation assay. Results: WNV-neutralizing antibodies were detected in 13 samples (5.2%). The participants with WNV-specific antibodies were significantly younger than the rest of the population (p = 0.009). The positivity rate was higher among women (6.3%) than men (3.6%) (p = 0.26). Conclusions: This is the first serological evidence of WNV infection among humans in the southern provinces of Morocco.
Introduction
Moroccan officials confirmed outbreaks of West Nile Virus (WNV) infection in horses in 1996 [1] , 2003 [2] , and 2010 [3] , with dozens of confirmed cases. Nevertheless, only one case of human infection was reported in 1996 [2] . However, a serological study confirmed the occurrence of WNV infection among humans with prevalence rates ranging from 4.7% to 18.8% [4] . All these data were from northern Morocco, which is the wettest region of the country and is regarded as the endemic area for WNV infections.
In the Sahara, a recent study demonstrated that 29% of the dromedaries of this region were positive for WNV antibodies [5] . In addition, O. Fassi-Fihri in a personal communication on July 10, 2012 found that several wild birds tested RT-PCR positive for WNV in the Sahara region, particularly among cormorants in the vicinity of Dakhla and Boujdour, in 2008.
Such data suggests a local circulation of WNV and a risk of human infections. To assess this risk, we conducted a serological investigation in the province of Wad-ad-Dahab in the extreme south of Morocco, located about 1,700 km from Rabat ( Figure 1 ).
Methodology
A total of 250 anonymised sera from leftover diagnostic samples taken between March and June 2012 were obtained from the biochemistry laboratory in the regional hospital of Dakhla. The data available for these samples included age, sex, recent medical history, and home residence of patients. In this study, participants permanently residing in the province of Wad-ad-Dahab and not suffering from any chronic or serious illness were selected. Serum was stored at −20°C until tested. Just before testing, serum samples were heated at 56°C for 30 minutes. The samples were screened for the neutralizing antibody against the equine WNV strain, Morocco 96-111 (accession number: AY 701412), by using a micro virusneutralization test in 96-well plates and an adaptation of a previously described method [6, 7] . Dilutions of the test serum (50 μL) were incubated with one hundred 50% tissue culture infectious doses of the virus in the same volume (50 μL) for one hour at 37°C in Dulbecco minimum Eagle medium. Next, 150 μL (10 5 cells/mL) of a Vero cell suspension with 5% fetal calf serum was added. This mixture was incubated for five to six days at 37°C until cytopathic effects were observed in a negative control well containing a 50% tissue culture infectious dose of virus. Serum samples were screened in duplicate at dilutions of 1:6, 1:18, and 1:54. Samples that neutralized the viruscharacterized by the absence of cytopathic effects -at one of the dilutions tested were retested in four replicates to confirm the results. The samples were titrated by testing six serial dilutions ranging from 1:6 to 1:1,458. Titers were calculated using the SpearmanKärber method [8] . Titers > 18 were considered positive.
Results
The ages of participants ranged between six months and 80 years of age, with a mean of 38 years (SD ± 13 years); 59% were men and 41% were women (Table 1) . Of the 250 samples, WNV-neutralizing antibodies were detected in 13 (5.2%), including 11 participants living in the vicinity of Dakhla, and 2 living in Boujdoure.
The participants with WNV-specific antibodies were significantly younger than the rest of the population studied (26 versus 37 years, p = 0.009). Two samples were obtained from young children 6 and 24 months of age ten days after consultation for febrile syndrome. While the positivity rate was higher among women (6.3%) than men (3.6%), the differences were not statistically significant (p = 0.26). Titers determined by the micro virus-neutralization test ranged from 24 to 501 (median = 72, SD ± 42).
Discussion
Since the emergence of WNV in Morocco in 1996 [1] , several studies have been undertaken to measure the frequency of antibodies against the virus among animals in the southern regions of the country [5, 9, 10] , but to our knowledge, there were no seroprevalence data for WNV antibodies in humans in this region. Thus, we evaluated the prevalence of WNV-specific antibodies in the vicinity of Dakhla, the capital of the Wad-ad-Dahab region. Dakhla is a desert region with an area of over 160,000 km² situated on bird migration routes between Africa and Europe, with a population of about 65,000 residents in 2004 [11] .
The technique used in this study was based on the principle of virus neutralization; the plaque reduction neutralization test still considered the gold standard WNV serological test. Moreover, this test has excellent agreement with other serological tests such as the indirect enzyme-linked immunosorbent assay and the indirect fluorescent antibody test [12] .
The seroprevalence rate obtained in our study was higher than that reported in the region of Meknes, but it was lower than the rates found in the regions of Rabat and Kenitra (Table 2 ) [4] . In addition, the antibody titers found among participants from Dakhla were higher than those reported from Meknes and Rabat, but lower than those found in Kenitra. This may be the result of re-infection with WNV from multiple mosquito bites.
The results obtained in this study strongly suggest that the population of this region has been in contact with WNV. We can assume that this contact could occur during trips to endemic areas of the kingdom, but the detection of WNV-specific antibodies among young children between 6 and 24 months of age from the Dakhla region suggests a recent local circulation of WNV in the region. The origin of these antibodies can be either infectious or due to passive transmission of maternal antibodies. However, it is very unlikely that maternal antibodies can be detected at 24 months of age. Despite the fact that current data on potential vectors of WNV are not available for the region of Dakhla, our observations suggest that locally occurring mosquitoes could belong to the genus Culex. However, further entomological studies should answer this critical question. The high seroprevalence rate among young participants could be related to their socio-economic activities (working outside and leisure) that expose them to mosquito bites in relation to the older subjects. Moreover, these young people are more likely to adopt a European style of clothing, which covers much less the body and exposes more skin, and as a consequence, is less protective than traditional clothing worn by older people. The higher prevalence rate among women could be related to an overexposure to risk, especially in oasis regions, where most of a housewife's tasks such as milking and collecting? drinking water occur near watering points with high concentrations of animals, birds, and mosquitoes.
While the WNV strains that circulated in the northern part of the country during 1996 and 2003 were found to belong to WNV lineage 1, clade 1a [2] , which most often causes mild and self-limiting illnesses, there are no data about the strain circulating in southern Morocco or the pathogenicity of these strains. The absence of clinical cases reported is probably due a low suspicion index for WNV infection, a disease that often remains poorly identified by clinicians and for which very few laboratories in Morocco are able to diagnose.
Conclusion
The current study suggests the presence of a local circulation of WNV in the region of Dakhla. This is the first serological evidence of WNV infection among humans occurring in the Sahara in the southern provinces of Morocco. Thus, it appears that WNV is more widespread in the country than had been thought before, and a program of monitoring and surveillance that includes all of Morocco should be established. 
